We have constructed a magnetic polarity time scale for the Late Cretaceous and Cenozoic based on an analysis of marine magnetic profiles from the world's ocean basins. This is the first time, since Heirtzler et al. (1968) published their time scale, that the relative widths of the magnetic polarity intervals for the entire Late Cretaceous and Cenozoic have been systematically determined from magnetic profiles. A composite geomagnetic polarity sequence was derived based primarily on data from the South Atlantic. Anomaly spacings in the South Atlantic were constrained by a combination of finite rotation poles and averages of stacked profiles. Fine-scale information was derived from magnetic profiles on faster spreading ridges in the Pacific and Indian Oceans and inserted into the South Ariantic sequence. Based on the assumption that spreading rates in the South Atlantic were smoothly varying but not necessarily constant, a time scale was generated by using a spline function to fit a set of nine age calibration points plus the zero-age ridge axis to the co•nposite polarity sequence. The derived spreading history of the South 
INTRODUCTION
The geomagnetic polarity time scale of Heirtzler et al.
[1968] (HDHPL68; see Table 1 for acronyms of time scales used in this paper) was one of the foundations of the plate tectonic revolution. Building on the seafloor spreading hypothesis of Vine and Matthews [1963] and the remarkable symmetry found by Pitman and Heirtzler [1966] It has also become increasingly clear that there are errors in the relative widths of the polarity intervals as given in HDHPL68 and in the subsequent time scales that are based on it. For example, Barker [1979] used HDHPL68 to analyze a magnetic profile collected along a flow line in the South Atlantic and found that there were several rapid changes in spreading rates over the Cenozoic. The discovery of sudden changes in spreading rate in the South Atlantic is suspicious Heirtzler et al. [1968] LaBrecque et al. [1977] Lowrie and Alvarez [1981] Berggren 
ACCURACY OF THE GEOMETRIC POLARITY TIME SCALE
One way to evaluate the accuracy of a geomagnetic polarity time scale is to calculate the consequences on spreading rates on various ridges. Ideally, a "type" profile would be available for every ridge system that could be used to determine the spreading rate history of that ridge. In reality, no single magnetic profile reflects the complete spreading history of a ridge system due to irregularities such as periods of asymmetrical spreading, small ridge jumps and propagating rifts.
A more accurate representation of spreading history can be obtained by determining closely spaced finite rotation poles based on magnetic anomalies and fracture zone trends along an entire spreading ridge. Finite rotation poles take into account asymmetric spreading, ridge jumps and other local spreading irregularities that can distort the magnetic anomaly sequence along a particular profile. For example, Cande et al. [1988] calculated a set of 43 finite poles that constrain the spreading history of the South Atlantic for the last 84 m.y., from anomaly 34 to the ridge axis. Representative distances between anomalies can be determined along a synthetic flow line based on the finite rotation poles.
In Figure 1 anomalies is calculated along a synthetic flowline at 30 ø S using a set of 43 rotation poles from Cande et al. [1988] .
individual profiles from different ridges. Individual long profiles, as we noted earlier, almost invariably include discontinuities due to ridge jumps, propagating rifts, intervals of asymmetric spreading or small fracture zones; even when such interruptions in continuity are identified, residual uncertainties, especially within the overlapping portions, make it difficult to splice together a reference section on a normalized distance base.
A procedure that proved more tractable and testable was to determine a reference section based on the seafloor spreading pattern on a single ridge system. The South Atlantic was an obvious choice as the basis of a framework for a reference section from anomaly 34 to present. Seafloor spreading in the South Atlantic is preserved on both limbs of the ridge system, which allows us to compensate for ridge jumps and asymmetric spreading, and is documented by a large data base of ship tracks, aeromagnetic lines, and satellite altimetry observation [Cande et al., 1988] . In comparison, other ridge systems are less useful because of an inadequate length of record (e.g., Reykjanes, and those associated with the smaller plates of the Pacific), major plate reorganization (Indian Ocean), preservation of only one limb (North Pacific), or a more poorly resolved (North and Central Atlantic) or less well documented (Pacific-Antarctic) magnetic anomaly signature. For many of the same reasons discussed above, Heirtzler et al. [1968] had also chosen the South Atlantic as the best ocean to use as a reference.
We used a combination of finite rotation poles and stacked profiles from the South Atlantic to build a framework for the time scale. Distances based on finite rotation poles between selected anomalies are referred to as category I intervals; subdivisions of these intervals based on stacks of selected anomaly profiles are referred to as category II intervals. For a few portions of the time scale we judged that the category II intervals were adequate to define the anomaly spacings, e.g., between anomalies 20 and 23 and between anomalies 33 and 34.
For most time intervals, however it is necessary to fill in the fine detail of the reversal pattern using magnetic anomaly data from faster spreading ridges such as those in the North Pacific and Indian Oceans.
We refer to this finer subdivision of the anomaly spacings as category III intervals. A consequence of this procedure is that the very short wavelength anomalies, commonly referred to as tiny wiggles, have not been uniformly resolved over the entire anomaly sequence. To compensate for this nonuniform resolution, and in recognition of the ambiguous origin of the tiny wiggles, we have excluded the shortest events (i.e., with apparent durations of less than 30 kyr) from our final compilation of anomaly spacings and in the resulting geomagnetic polarity time scale.
REFERENCE SECTION FOR THE SOUTH ATLANTIC: CATEGORY I AND II DISTANCES
Cande et al. [1988] described the spreading history of the South Atlantic since anomaly 34 with a set of 43 finite rotation poles. We used nine of these rotation poles to establish a framework for averaging the widths of anomalies on individual profiles. The choice of nine rotation poles was somewhat arbitrary, and, in fact, we could have used a larger subset. However, the analysis of shorter and larger numbers of profiles becomes progressively more unwieldy as more poles are used.
Distances to key anomalies were constrained along a synthetic flow line in the South Atlantic at (half separation) intervals of 150 to 300 km (roughly 7 to 13 m.y.) based on finite rotation poles for the younger ends of anomalies 4A, 5C, 7, 13, 20, 24, 30, 33, and 34 [Cande et al., 1988] (Table 2) . These category I intervals were chosen, in part, so that anomalies with ambiguous reversal boundaries, such as the young end of anomaly 5 which has fine-scale structure, were not at the end of an interval. The synthetic flow line, which is located at approximately 30øS, and the location of the distance intervals constrained by the finite rotation poles are shown in Figure 2 . The relative widths of anomalies within each category I interval were constrained by averaging the widths of subintervals on five to nine profiles that appeared to be representative of uniform seafloor spreading. The locations of the profiles that were used are shown in Figure 2 . Each selected profile was projected perpendicular to the local strike of the magnetic linearions and deskewed using the phase shifting methods described by Schouten and McCamy [1972] Profiles with obvious ridge jumps or other irregularities in spreading were avoided. To pick more precisely the location of the reversal boundaries corresponding to the anomalies, the profiles were bandpassed and downward continued between 1.5 and 2.5 km after removal of the long wavelength component, also using the methods of Schouten and McCamy [1972] . The causative reversal boundaries were then determined on the basis of the local zero crossings. Occasionally this procedure did not produce a zero crossing for a desired anomaly pick and we would estimate the reversal boundary by eye. This procedure is illustrated in Figure 3 .
The profiles that were averaged to obtain the category II widths are shown in Figures 4a to 4i after being deskewed and stretched to a common distance interval. At the top of each set of profiles in Figure 4 we show the average width of each subinterval as indicated by the vertical bars. It should be noted that the profiles in Figure 4 have not been downward continued. The downward continued versions of the profiles, used to actually determine the vertical bars shown in Figure 4 , are not shown. A profile based on a stack of the realigned individual profiles is also shown, although purely as a reference. The distances between the subintervals on the stacked profile represents our best estimate of the relative polarity widths for the interval based on South Atlantic data. These category II distances are given in Table 2 .
FINE DETAIL FROM FAST SPREADING RIDGES
For most of the category II intervals defined from the stacked South Atlantic profiles, it is necessary to analyze profiles from faster spreading rate ridges in order to resolve finer detail. Accordingly, we have compiled additional profiles, mostly from the Pacific and Indian oceans, in order to define the finer scale structure of the reversal sequence. For two portions of the reversal sequence, between the ridge axis and anomaly 3A and between anomalies 4A and 6, we used the results of previously published studies [Klitgord et al., 1975; Blakely, 1974 , respectively].
Our method of construction of a reference section for the relative widths of magnetic anomalies is thus a tiered process in which successively greater detail is added to a basic framework based on the finite poles for the South Atlantic. This process is illustrated in Figure 5 , in which the distances to reversal boundaries are shown along the synthetic flow line in the South Atlantic at different stages. The left-hand column shows the category I distances as determined from the finite rotation poles. The next column shows the category II distances as determined from averaging anomaly widths on profiles in the South Atlantic. The following column shows the category 1II distances based on the f'me detail where it has been determined from faster spreading ridges. The right-hand column shows the anomaly spacings after the removal of the nonuniformly mapped tiny wiggles.
Tiny Wiggles
In many detailed studies of magnetic anomalies from fast spreading ridges, linear, small scale magnetic anomalies (tiny wiggles) that are clearly related to palcomagnetic field behavior are observed. However, there are two problems in interpreting these anomalies and including them in the time scale: (1) ambiguity in the type of dipole geomagnetic field behavior represented by the tiny wiggles, and (2) unevenness in temporal and spatial coverage.
First, it is not clear that all tiny wiggles are due to short polarity intervals. The larger amplitude features are more obviously due to full reversals of the field, and in some cases they correlate with magnetostratigraphically identified short polarity intervals. However, most of the smaller amplitude anomalies have not been confirmed in magnetostratigraphic sections, and can be modeled as either due to very short polarity intervals [e.g., Blakely, 1974] established reversal sequence and because this produced more realistic appearing models of the observed anomalies. However, in converting the distance reference section into a time scale, we tabulated these presumed short polarity intervals separately to emphasize both the uncertainty in interpretation (dipole field intensity variation vs. polarity reversal) as well as the temporal nonuniformity of the existing record. Tiny wiggles that converted to polarity intervals shorter than 30 kyr are listed separately in Table 3 . We designate the tiny wiggles in Table 3 using a system that parallels the nomenclature adopted for the larger anomalies ( Table 2 ), except that the apparent polarity of the interval must be inferred to be opposite that of the anomaly it occurs in. This nomenclature is discussed in the appendix. Many tiny wiggles, even on fast spreading ridges, are modeled as bodies only 0.5 to 1 km wide. When these intervals are interpolated into the South Atlantic flow line, for the purposes of constructing the time scale, they occasionally convert to bodies as narrow as 0.1 kin. Consequently, we present the distances in Tables 2 and 3 • In Table 4 we give the mean width, the number of observations, the 95% confidence interval and the percent error that the 95% confidence interval represents, for all of the category II intervals. The percent error ranges from 1.1% for the interval between anomalies 13 and 15, to 17% for the interval between anomalies 23 and 24. The average error is roughly 7%.
Because the category III intervals are based on either one or two carefully selected profiles or else stacks of profiles from a small area, it is not possible to make a significant estimate of the error in these intervals.
Adjustment to the Central Anomaly and the Composite Sequence
To account for the finite width of the emplacement zone of magnetized oceanic crust, a small but systematic adjustment of the anomaly distances is required before the composite reversal sequence is calibrated to generate a time scale. The width of the transition zone over the Brunhes/Matuyama boundary in the South Atlantic as inferred from the shapes of magnetic anomalies is estimated at about 3 km [Carbotte et al., 1991] . Since the outward displacement of polarity boundaries due to this effect is expected to be about half the transition zone width [Atwater and Mudie, 1973] , it is necessary to subtract roughly 1.5 km from all the anomaly distances in the composite In our initial efforts to identify long profiles from different ridge systems that could be used as reference sequences, ridgeridge comparisons involving the South Atlantic showed the fewest kinks or sudden shifts in relative spreading. This suggested that South Atlantic spreading was relatively uniform and continuous. Accordingly, we assume for the purposes of temporal calibration a smoothly varying (but not necessarily constant) rate of spreading from anomaly 34 to the ridge axis for the South Atlantic ridge system. In practice, we chose nine more or less evenly distributed age calibration points, and fit them with a cubic spline approximation to interpolate the age of polarity intervals. [1990].
The nine selected calibration points (Table 5) are a distillation of a much larger number of individual radioisotopic dates as described below. The tiepoints reflect a preference for those data which can be tied to the magnetic anomaly sequence via marine magnetobiostratigraphic correlations and constraints from biostratigraphic correlation of sediments overlying oceanic basement [Cande et al., 1989 ]. An exception is the tiepoint at the Cretaceous/Paleogene boundary for which the iridium anomaly provides a means of precise correlation between the marine record and the nonmarine sediments from which the radioisotopic dates have been obtained. In general, though, data from terrestrial (i.e., nonmarine) sections are generally not sufficiently independent for time scale calibration because the radioisotopic age information itself tends to be used as a basis for detailed correlation to the marine magnetic anomaly sequence. A case in point are the two Oligocene ash layers in terrestrial deposits in western North America that provided important age calibration constraints for the Paleogene part of BKFV85, but whose correlation to the polarity sequence has been successively reinterpreted on the 
Subdivisions of the Eocene do not provide chronogram estimates suitable for time scale calibration according to Harland et al. [1990], whereas recent work by Prothero and
Swisher [1992] indicates that the radioisotopic dams from terrestrial deposits in Wyoming [Flynn, 1986] In Figure 29 we show an expanded version of the time scale, with names for all of the polarity chrons and subchrons. The occurrences as presently known of cryptochrons (those tiny wiggles modeled as events less than 30 ky duration, Table 7 ) are indicated by short horizontal lines to the right of the reversal pattern, reflecting the uncertainty in their interpretation and the nonuniformity of coverage.
In Tables 6 and 7 we give the ages of the normal polarity intervals to a resolution of 1 kyr. This is necessary because several of the tiny wiggles convert to cryptochrons that are less than 10 kyr in duration and consequently might be lost if the ages of the bounding polarity reversals were rounded off to the nearest 10 ky. Between Tables 6 and 7, we recognize a total of 92 normal polarity chrons and subchrons (and of course a like number of reversed polarity intervals) and 54 cryptochrons over the past 83 m.y.
Comparison to Previous Time Scales
A comparison of our new time scale to some previous geomagnetic polarity time scales is shown in Figure 30 . Differences can be expected as a result of the variety of calibration data and methodologies that have been used to construct the time scales, as well as changes made to the relative spacing of the polarity intervals.
Within the Neogene (to chron C6Cn), there are two key differences between our time scale and previous versions. First, since we used the astrochronologic calibration of 2.60 Ma for the Matuyama/Gauss boundary that is about 5% older than the chronogram estimate of 2.48 Ma based on conventional K/At radiometric dates [Mankinen and Dalrymple, 1979] , our time scale gives proportionately older ages for other geomagnetic reversal boundaries in the younger part of the time scale. There is already excellent agreement in the few available direct comparisons between astrochronologic and high precision radioisotopic age determinations, as outlined above in the description of calibration points, and we expect that further refinements in the chronology of Plio-Pleistocene and older reversals will be soon emerge with the increasing application of these high resolution dating methods.
The second key difference in the Neogene is the age of anomaly 5 (= chron C5n): our time scale gives predicted age limits (9.592 to 10. et al. [1990] ), are less compatible with our interpolated age for citron C5n.
In the Paleogene (nominally citron C6C to citron C29), where we have completely revised the relative spacings of polarity intervals, there are many detailed differences between CK92 and previous time scales. For 
EVALUATION: SEAFLOOR SPREADING RATES IN OTHER OCEANS
The new time scale indicates a broadly varying rate of seafloor spreading in the South Atlantic (Figure 31, top) 
Method
As in the South Atlantic, the key to examining spreading rates on other ridges is in the determination of an accurate synopsis of the magnetic anomaly pattern that takes into account localized occurrences of ridge jumps, propagating rifts and varying amounts of asymmetrical spreading. Therefore, whenever possible, we have developed spreading histories based on (1) an averaging of conjugate profiles or (2) the calculation of closely spaced finite rotation poles. In the two cases where we calculate finite rotation poles (the Southeast Indian Ridge and the East Pacific Rise), we have used published rotation poles at intervals of 5 to 10 m.y. and simply calculated finite rotation angles that best fit the anomalies in a narrow corridor. With this method we can account for spreading asymmetries without having to analyze an entire ridge system, which is beyond the scope of this project. (Table 4) ; these are typically about 7% but vary between 1% and 17% depending on the anomaly. In Figure 31 (top) we show the effect of these errors, at the 95% confidence level, on the anomaly-by-anomaly estimate of spreading rates in the South Atlantic. The fact that the shape of the South Atlantic spreading rate profi!e is smooth is largely a function of the spline, whereas the particular shape of the curve is dependent on the particular set of calibration points used. The errors in spreading rate on other ridge systems can only be meaningfully estimated for those ridges where we have calculated finite rotation angles. In general, a finite rotation angle can be estimated with an accuracy of 0.05 ø to 0.1 ø depending on the quality of the reconstruction. This error translates into a wide range of absolute errors in spreading rates depending on the width of the anomaly interval and the spreading rate; for a fast spreading ridge the error is relatively small, for a slow spreading ridge the error can be quite large. The total error in any given spreading rate is a combination of the error due to the estimate of the local anomaly widths and the error due to the global estimate of the polarity durations. If we assume the two errors are independent then we can estimate a total error by taking the square root of the sum of the squares. For the East Pacific Rise, the average error is roughly 8%, while for the Southeast Indian Ridge it is closer to 9%. Figure 32 were digitized and then finite rotation angles were calculated that would bring the conjugate picks back together. The finite rotation pole of Minster and Jordan [1978] for the Pacific-Nazca plate for anomaly 3 to present was assumed and only the angle of rotation was calculated. The resulting finite rotation parameters are given in Table 8 .
Using the finite rotation parameters for anomalies J to 5A, spreading rams were calculated based on the CK92, GTS89 and Spreading rates for the Chile Ridge from anomaly 5E to the ridge axis were calculated for CK92, GTS89 and BKFV85 ( Figure  34 ). An interval of faster spreading between anomalies 5 and 3A (3 in BKFV85) is observed based on all three time scales. However the magnitude of the increase is about one-half to onethird the amplitude using the CK92 time scale than using the 
Pacific-Antarctic Ridge
It is difficult to derive a reliable set of anomaly spacings for the Pacific-Antarctic Ridge. The biggest problem is the sparsity of data on the east flank of the ridge and the lack of ship tracks that followed along flow lines of spreading. We have selected an individual track, the Southtow cruise of the R V Washington, that followed a flowline on the west flank of the ridge south of the Menard Fracture Zone (Figure 37 ). This cruise crossed the ridge 6nly out as far as anomaly 3 on the east flank. We calculated anomaly spacings based on an average of the two flanks out to anomaly 3, and using just the west flank data between anomaly 3 and 15.
Spreading rate variations based on the Southtow line were calculated for the three time scales and (Figure 38) . The history of spreading in the late Neogene was similar to that on the Southeast Indian Ridge: based on CK92, the principal variation is an increase in spreading rate around anomaly 3A; based on GTS89, the principal change was around anomaly 5; based on BKFV85, the peak in spreading was between anomaly 3A and 3. The wide swings in spreading rate which apparently occurred between anomalies 5D and 12 illustrate the problem of trying to interpret spreading rate variations on a single profile from one flank of a ridge where it is difficult to distinguish variations that are caused by minor discontinuities in spreading on this particular flowline from those that are characteristic of the entire ridge system. We observe that for all of the ridge systems examined except the North Pacific (and perhaps the South Pacific for which the data base is poor), the spreading rate variations are considerably smoother using CK92 than using BKFV85 or GTS89. We see that the new time scale either eliminates or greatly reduces 1) the "pulse" of faster spreading observed between anomalies 5 and 3 (or 3A depending on the time scale) in the South Atlantic, the EPR and on the Chile Ridge, (2) the sharp swings between anomalies 7 and 6 in the South Atlantic, the Southeast Indian Ridge and in the Central Atlantic, and (3) the large swings around anomaly 20 in the South Atlantic and in the Central Atlantic. We also note that between anomaly 6C and the ridge axis the Southeast Indian Ridge spreading rate was constant except for a step at anomaly 3A. These observations strongly support our initial assumption that seafloor spreading rates in the South Atlantic were smoothly varying without the sudden changes observed in the Pacific. This is a somewhat different picture of spreading in the South Atlantic than that presented by Aubry et al. [1988] , who found distinct breaks in the South Atlantic pattern. We suggest that these breaks can be attributed to irregularities in the individual profiles used by Aubry et al. [1988] .
It is clear that there were several large, rapid changes in apparent spreading rate in the North Pacific, in particular, the sharp drops at anomaly 20 time and at anomaly 6C time. We can thus identify the source of some of the "artifacts" that are present in the spacings in HDHPL68 and that have been handed down from time scale to time scale through to GTS89. Heirtzler et al. [1968] used the North Pacific to define the details of the reversal pattern and interpolated this pattern into the South Atlantic framework. In some parts of the time scale the interpolation points were quite far apart; e.g., between anomaly 5 and 7 there was only a single interpolation point at anomaly 6. Thus the sharp swings observed in all of the ridges except the North Pacific using HDHPL68 and derivative time scales like BKFV85 and GTS89 were the result of taking the North Pacific pattern and inserting the sharp drop at anomaly 6C into the South Atlantic pattern. The sharp swings around anomaly 20 may be due to a similar effect.
TECTONIC IMPLICATIONS
The new time scale provides an opportunity to investigate changes in plate motion on a finer scale than previously possible. We have re-examined earlier observations of global changes in spreading rate based on HDHPL68 and its derivatives with our independently derived time scale. As is apparent from the discussion in the previous section, the previous time scales gave the misleading impression that there was a globally synchronous "pulse" of faster spreading in the late Neogene, starting around anomaly 5 time and ending around anomaly 3A or 3 time [e.g., Vogt, 1986] 
SUMMARY AND CONCLUSIONS
We have constructed a new geomagnetic polarity time scale for the late Cretaceous and Cenozoic based on an analysis of magnetic profiles from the world's major oceanic ridge systems. This project was initiated because of our suspicion that there were errors in the relative widths of the polarity intervals in HDHPL68 and that these errors resulted in misinterpretations of tectonic events. In addition, we felt that there was now a sufficient increase in the amount of magnetic profile data to justify a reappraisal of the complete magnetic anomaly sequence.
There are several significant changes in the spacings and ages of the polarity intervals. For example, the derived age of anomaly 5 is about 0.5 m.y. older than in most other time scales but is now in agreement with the results of the most recent radioisotopic ages of basaltic flows on Iceland. The effect of this change is that the global "pulse" of faster spreading that appeared to have occurred between anomalies 5 and 3 has been eliminated. In addition, the relative spacings of reversals between anomalies 5 and 3 have been changed. As a result, a late Neogene plate motion change on the Southeast Indian Ridge is now seen to be temporally related to a spreading rate change on the Pacific-Antarctic Ridge and also with other tectonic events that occured around anomaly 3A time throughout the Pacific.
Other significant changes to the reversal sequence were made between anomalies 7 and 6. Erratic swings in spreading rate that had been previously interpreted in most oceans, except the North Pacific, have been replaced with much smoother changes, or no change, while the North Pacific now shows a precipitous drop in spreading rate at anomaly 6C time. when there is the most potential for error in defining the South Atlantic spreading pattern and its age calibration. One interesting implication of our study is that spreading rates in the North Pacific now appear to have been quite variable, starting in the mid-Eocene and continuing through the Oligocene. We speculate that as the Farallon and Vancouver plates became smaller, their motion was more and more effected by small variations in the configuration of the subducting slabs around their eastern perimeters. Spreading in the South Atlantic, where there is little interaction with subduction zones, is probably driven primarily by more gradually evolving ridge push. This interocean variation in driving mechanisms justifies our dependence on anomaly spacings in the South Atlantic, as opposed to plates in the Pacific, to construct the new time scale.
We have also identified the source of some of the errors that are apparent in HDHPL68 and its descendents. HDHPL68 was a blend of two profiles: the Verna 20 profile from the South Atlantic and a profile from the North Pacific. The data from the North Pacific were inserted into the South Atlantic spacings at variable and often quite large intervals. The erratic swings in spreading rate between anomalies 7 and 6, for example, can now be attributed to the use of the spacings exclusively from the North Pacific over this long time interval in earlier time scales.
Finally, we have identified many additional anomalies that may represent reversals of the global geomagnetic field, for example, between anomalies 3A and 4A. Most importantly, we observe an essentially continuous pattern of small scale anomalies between anomalies 24 and 27 that appear to be an "Earth-filtered" record of short period (2 to 20 kyr) intensity variations of the dipole field. We believe that this type of dipole field behavior, previously recognized within anomaly 5 and between anomalies 12 and 13, may have characterized the geomagnetic dynamo throughout the Cenozoic. The present results provide motivation for a continued study of small scale anomalies on high-resolution marine magnetic profiles. Further refinement of the geomagnetic time scale in general and its tectonic and geomagnetic consequences await more detailed analyses of magnetic anomaly patterns along flow lines on the ocean ridges, and more precise and closely spaced age calibration points.
APPENDIX: NOMENCLATURE
The polarity chron nomenclature we use is similar to that of Tauxe et al. [1983] We use the designation-1,-2, etc., following the primary chron or the subchron designation to denote apparently very short polarity intervals corresponding to the tiny wiggles which, upon calibration, convert to durations of less than 30 kyr. In view of their uncertain origin, we refer to these globally mapped geomagnetic features as cryptochrons. Thus the tiny wiggles between anomalies 12 and 13 (within chron C12r) are called from youngest to oldest cryptochrons C12r-1, C12r-2, etc. This differs from Harland et al. [1990] who used a duration of 100 kyr or less to distinguish the class of shortest polarity intervals, a cut-off value which often fragments the chron heirarchy in a manner inconsistent with the magnetic anomaly identifications. For example, the four positive anomalies composing anomaly 3 (which correspond to the Cochiti, Nunivak, S idufjall, and Thvera subchrons of the Late Cenozoic K-At geomagnetic reversal time scale [Mankinen and Dalrymple, 1979] ), are designated by Harland et al. [1990] , from youngest to oldest, as C3.1n, C3.2n, C3.2r-ln and C3.3n, while we refer to them as C3n. ln, C3n.2n, C3n.3n and C3n.4n, respectively.
We believe that the 30 kyr cut-off is more realistic in separating the anomalies that are well characterized and most probably reflect true geomagnetic polarity reversals from the smaller scale anomalies (i.e., tiny wiggles) that are generally less uniformly well documented and whose origin may be due to paleointensity variations or incomplete reversals of the geomagnetic field. A cryptochron can be elevated to the status of a subchron if it is demonstrated that the tiny wiggle corresponds to a pair of geomagnetic polarity reversals, as appears to be the case for the Cobb Mountain subchron at about 1.1 Ma [Mankinen et al., 1978; Mankinen and Gromme, 1982; Clement and Kent, 1987] . In such cases we also add a polarity suffix to the name, hence the Cobb Mountain subchron is designated Clr.2r-ln.
